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rcine circovirus type 2 (PCV2) enteric disease:
 independent condition or part of the systemic disease?
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`noma de Barcelona, Bellaterra, 08193 Barcelona, Spain

tre de Recerca en Sanitat Animal (CReSA), UAB-IRTA, Campus de la Universitat Autònoma de Barcelona, Bellaterra (Cerdanyola del
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ntroduction

Intestinal disorders in growing-finishing pigs are a
mon problem in most commercial farms and signifi-

tly limit the efficiency and profitability of swine
duction globally. Clinical presentation consists of

diarrhoea, poor growth and variable mortality. Intestinal
disorders in pigs older than four weeks of age can be
produced by several infectious agents such as rotaviruses,
some coronaviruses, porcine circovirus type 2 (PCV2),
Escherichia coli, Brachyspira spp., Salmonella spp., Yersinia

spp., Lawsonia intracellularis, Oesophagostomum dentatum

and Trichuris suis, among others. However, most cases
featuring postweaning diarrhoea and colitis are due to
concurrent aetiologies (Thomson and Friendship, 2012).

PCV2 is recognized as one of the most important viruses
causing severe economic impact in the swine industry
worldwide and it has been described to cause different
conditions depending on the virus, host immunity,
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A B S T R A C T

Intestinal disorders in growing and finishing pigs have been associated with several

infectious agents, including Porcine circovirus type 2 (PCV2). This virus has been mainly

related with PCV2-systemic disease (PCV2-SD); nevertheless, some authors have

suggested a possible restricted intestinal infection of this virus associated with enteric

clinical signs. This condition has been referred as PCV2-enteric disease (PCV2-ED). The

present study analysed retrospectively, from a pathological point of view, the relation

between intestinal disorders and PCV2 infection in nursery and growing-finishing pigs.

Among the 96 selected pigs suffering from enteric disease and submitted for necropsy

between 1998 and 2011, the most prevalent enteric lesions were catarrhal enteritis/colitis

(77.1%), followed by fibrinous lesions (11.5%), granulomatous inflammation (4.2%) and

other lesions such as haemorrhages or ulceration (4.2%). Seventy-two pigs (75%) were

positive for PCV2 by in situ hybridization (ISH).

Among positive pigs for PCV2 ISH, 39 animals suffered from PCV2-SD and 33 had no

lymphoid lesions but low amount of viral nucleic acid in several lymphoid tissues,

therefore, these animals did not qualify for PCVD-ED. In conclusion, all animals with

enteric disorders that were positive to PCV2 by ISH had evidence of viral systemic

infection. These results suggest that PCV2-ED is probably a negligible condition and PCV2

mainly contributes to enteric clinical disorders in relation to PCV2-SD occurrence.
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co-infections and other environment characteristics
(Segalés et al., 2005; Madec et al., 2008). These diseases
are grouped under the name porcine circovirus diseases
(PCVDs). PCVDs include PCV2-systemic disease (PCV2-SD,
formerly known as postweaning multisystemic wasting
syndrome, PMWS), porcine dermatitis and nephropathy
syndrome (PDNS), PCV2 reproductive disease (PCV2-RD),
PCV2-lung disease (PCV2-LD) and PCV2-enteric disease
(PCV2-ED) (Segalés, 2012).

Diarrhoea is a feature of some PCVDs and has been
described in cases of PCV-SD and PCV-ED (Kim et al., 2004;
Segalés et al., 2004; Opriessnig et al., 2007). PCV2-SD occurs
in pigs between one and six months of age with the highest
number of cases occurring between two and three months
(Segalés and Cortey, 2010). It is a multifactorial disease, in
which infection by PCV2 is essential but other factors are
usually required for its complete expression (Segalés et al.,
2005; Madec et al., 2008). From a clinical point of view, there
may be a potential diagnostic overlapping between PCV2-
SD and PCV2-ED since diarrhoea can be easily present in
cases of the systemic disease (Opriessnig et al., 2007).
However, some authors have suggested that PCV2-ED could
be a distinct clinical manifestation of PCV-2 (Kim et al.,
2004). To differentiate between these two conditions,
histopathological findings and examination not only of
gut but also lymphoid tissues is crucial. PCV-SD is diagnosed
when the following are present: (a) clinical signs consisting
of weight loss and paleness of skin (respiratory and/or
digestive clinical signs may be present as well), (b) moderate
to severe lymphocyte depletion with granulomatous
inflammation of lymphoid tissues or other organs, and (c)
moderate to high amount of PCV2 in damaged tissues. On
the other hand, PCV-ED is diagnosed when (a) pigs suffer
from diarrhoea; (b) a granulomatous enteritis and lympho-
cyte depletion is observed microscopically in Peyer’s
patches, but not in other lymphoid tissues, and (c) a
moderate to high amount of PCV2 is detected in intestinal
mucosa or Peyer’s patches without detection in other
lymphoid tissues (Segalés, 2012).

From a case definition point of view, PCV2-ED and
PCV2-LD share a common characteristic, which is the
presence of lesions and PCV2 antigen/genome in intestines
and lung, respectively, in absence of lesions and viral
detection in systemic locations (Segalés, 2012). However,
the specific study of PCV2-LD in a set of 317 pigs suffering
from respiratory disease, indicated that this condition is
probably negligible and PCV2 mainly contributes to
respiratory disease in relation to PCV2-SD occurrence
(Ticó et al., 2013). This type of assessment has not been yet
conducted for PCV2-ED. Therefore, in order to clarify some
points of PCV2-ED, the present study aimed to investigate
the prevalence of PCV2 infection in growing-to-finishing
pigs with diarrhoea in Spain and assess the potential
overlap between PCV-ED and PCV2-SD.

2. Materials and methods

2.1. Animals

In this study, 96 pigs (3.7%) were selected from a total of
2566 pigs that were submitted for necropsy between 1998

and 2011 to the Veterinary Pathology Diagnostic Service at
the Veterinary School of Barcelona (Spain). Animal
selection criteria included the following four features:
(a) older than four weeks of age (nursery, growing and
finishing pigs), (b) clinical digestive signs, (c) availability of
intestinal and lymphoid tissues to assess histopathological
lesions and to detect PCV2 DNA by in situ hybridization
(ISH) and (d) presence of microscopic lesions in the
intestine.

2.2. Histopathology

Formalin-fixed, paraffin-embedded samples of intes-
tines (portions of jejunum, ileum and colon) and lymphoid
organs (mesenteric and inguinal superficial lymph nodes,
and tonsil) corresponding to the selected 96 pigs were
included in this study. All samples were analysed by the
same pathologist. Classification of lesions was performed
in regards of gross and/or microscopic findings; hence,
diagnostic criteria were as follows. Catarrhal enteritis or
colitis (CE/CC) was consistent with serous or mucous
intestinal content in the lumen and moderate to severe
lymphoplasmacytic infiltration was observed microscopi-
cally within the intestinal mucosa. Granulomatous enteri-
tis or colitis (GE/GC) was assessed when multifocal
aggregates of macrophages (granulomas), with or without
multinucleated giant cells or intracytoplasmic inclusion
bodies, and lymphoid depletion were observed in the
mucosa and/or Peyer’s patches. Haemorrhagic enteritis
(HE) was classified when haemorrhagic content was
observed in the small intestine. Fibrinous enteritis or
colitis (FE/FC) consisted of accumulation of fibrin on the
mucosa of caecum or colon. Ulcerative colitis (UC) was
characterized by multifocal to coalescing ulceration of the
large intestinal mucosa. Mucous-haemorrhagic colitis
(MHC) consisted of mucous and haemorrhagic content
in the caecal or colonic lumen. Lesions were characterized
as ‘‘single’’ or ‘‘combination’’ when one or more lesion
types were observed, respectively.

Diagnosis of PCV2-SD was established following
internationally accepted criteria previously described
(Segalés, 2012). Regarding the PCV2-ED, criteria proposed
in the same article were used: (1) lympho-histiocytic to
granulomatous enteritis and lymphocyte depletion with
granulomatous inflammation in Peyer’s patches, (2)
positive ISH result for PCV2 in the intestines, and (3)
absence of PCV2 genome and histopathologic PCV2-SD
lesions in other lymphoid tissues (Segalés, 2012).

2.3. In situ hybridization

The presence of PCV2 in tissues was determined by an
ISH technique (Rosell et al., 1999), which was performed
on lymph node, tonsil and intestines, using a 41 bp
digoxigenin labelled DNA probe corresponding to ORF1
of PCV2 (DIG-50-CCT TCC TCA TTA CCC TCC TCG CCA ACA
ATA AAA TAA TCA AA-30). Quantification of PCV2 nucleic
acid detection was made according to a subjective
evaluation of the percentage of positive cells from the
totality of the tissue submitted in the slide: – (negative), +
(less than 10%), ++ (between 10% and 50%) and +++ (more
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J. Baró et al. / Veterinary Microbiology 176 (2015) 83–87 85
n 50%). These samples were analysed in a blinded
ion manner by the same pathologist.

esults

 Animals

All pigs came from 45 different Spanish farms, each one
h its own particular management, system production

 size. From 96 pigs studied, 80 animals (83.3%) were
ropsied between 1998 and 2006 (pre-PCV2 vaccina-
) and only 18 pigs (18.7%) were submitted from 2007 to
1. Forty-four animals were among four and eight weeks

 (nursery pigs) and fifty-two were older than eight
eks (growing-finishing pigs).

 Lesions and PCV2 detection

A summary of enteric lesions and PCV2 detection is
wn in Table 1, where numbers of pigs with single or
bined lesions are given in detail. The majority of pigs
layed a ‘‘single’’ lesion (97.9%), while only two pigs had

ombination of two types of lesions (2.1%). The most
mon lesion was colitis, observed in 53 pigs (55.2%),

owed by enterocolitis in 31 animals (32.3%) and
eritis in 12 pigs (12.5%). Catarrhal lesions were the
st prevalent with 74 pigs affected (77.1%), followed by
inous lesions observed in 11 animals (11.5%), granulo-
tous inflammation in four (4.2%) and other lesions, such
haemorrhages, ulceration or mucohaemorrhagic exu-
e, in seven pigs (7.2%). No lesions compatible with
liferative ileitis were observed. Focusing on the age of
mals, catarrhal lesions were slightly more frequent in
sery pigs (84.2%) compared to growing-finishing
mals (75.3%). In contrast, fibrinous lesions were more
valent in the growing-finishing (76.9%) than in the

nursery period (23,1%). Only nine animals (9.4%) were
submitted between 2007–2011 (post-PCV2 vaccination).

In regards of ISH positivity for PCV2 among the
intestinal samples, enterocolitis was positive in 77.4% of
the animals (24/31) and 45.2% of these cases (14/31) had a
diagnosis of PCV2-SD. Colitis were positive in 77.4%
(41/53) and 37.7% (20/53) corresponded to a PCV2-SD.
Enteritis cases were positive to PCV2 in 58.3% of cases
(7/12) and 41.6% of animals (5/12) where diagnosed as a
PCV2-SD. Besides, there was a group of animals where PCV2
was not detected in the intestine, but yielded positive in
lymph nodes and tonsils; this occurred in 17.7% of pigs (17/
96); from them, 6 corresponded with a PCV-SD diagnosis.

Taking only into account the positivity for PCV2 in the
intestinal lesions, from the 96 pigs with intestinal lesions,
72 (75%) were positive for PCV2 ISH and 24 pigs were
negative for this virus in intestine and lymphoid tissues
(Fig. 1). Thirty-nine pigs out of the 72 PCV2 ISH positive
(54.7%) suffered from PCV2-SD. The remaining 33 pigs with
PCV2 ISH positivity in the intestine had also low or
moderate quantity of viral genome in lymph nodes and
tonsil. Therefore, none of the studied animals qualified for
a PCV2-ED diagnosis.

4. Discussion

Intestinal disorders are a common health problem in
postweaning pigs. However, in the present work, consid-
ering the selection criteria, a small percentage of animals
were investigated compared to other similar studies
performed in pigs with respiratory disorders (Ticó et al.,
2013). Several factors could be involved in this low
casuistic. First, the necessary presence of gross or
microscopic intestinal lesions to be included in the study,
as some intestinal disorders such as osmotic or dietary
diarrhoeas do not produce lesions. Second, most intestinal

le 1

mary of enteric lesions in relation with in situ hybridization for PCV2 (ISH-PCV2).

ngle lesion or combination Number

of pigs

PCV2-SD diagnosis Positive ISH-PCV2 without

PCV2-SD diagnosis

Negative

ISH-PCV2+

ISH-PCV2

positive

ISH-PCV2

negative*

ISH-PCV2 positive ISH-PCV2

negative*

teritis 12 4 1 2 – 5
tarrhal 9 3 – 2 – 4

anulomatous 2 1 1 – – –

emorrhagic 1 – – – – 1

litis 53 17 3 16 5 12
tarrhal 44 15 3 11 4 11

rinous 6 2 – 3 – 1

cerative 2 – – 2 – –

uco-haemorrhagic 1 – – – 1 –

terocolitis 31 12 2 4 6 7
tarrhal 21 7 – 3 4 7

rinous 5 2 1 – 2 –

anulomatous 2 1 – 1 – –

tarrhal and fibrinous 1 – 1 – – –

cerative 1 1 – – – –

her 1 1 – – – –

tal 96 33 6 22 11 24

2-SD: porcine circovirus type 2 systemic disease.
ISH-PCV2 was negative in all the tissues analysed.

ISH-PCV2 was negative in the intestine but positive in lymph nodes and tonsil.
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disorders are usually treated with antibiotics or diet
restriction and no animals are submitted for necropsy
unless there is no recovery of clinical signs. And third,
casuistic of digestive problems in nursery and growing-
fattening pigs were of lower prevalence than respiratory
disorders in the study period.

Different agents have been involved, including infec-
tious and non-infectious factors, in intestinal disorders in
growing-fattening pigs (Thomson and Friendship, 2012).
Although bacteriological analyses were not performed in
the studied cases, from a pathological point of view,
intestinal lesions are usually related with specific
infectious agents (Segalés and Martı́nez, 2013). The most
prevalent intestinal lesion was catarrhal inflammation of
different parts of the intestine. CE is usually associated
with colibacillosis, or less frequently with yersiniosis; on
the other hand, CC is generally related with the infection
of some species of Brachyspira. However, other non-
infectious factors, such as the composition of diet, could
also be involved. Another less prevalent lesion was FE/FC
which is generally associated with Salmonella spp.
infections. Other type of lesion, such as HE and UC or
MHC, usually associated with clostridiasis or swine
dysentery, appeared in a very small number of cases.
Surprisingly, only four pigs had granulomatous enteritis
(highly suggestive of PCV2 infection) compared to the
high rate of detection of this virus in the intestine or
other organs of these animals. These findings suggest that
intestinal disorders exclusively attributed to PCV2
infection in the intestine could be low, but this virus
may predispose to opportunistic bacterial overgrowth or
dysbacteriosis.

PCV2 has been included in the list of agents involved in
the intestinal disorders of these animals (Kim et al., 2004;

Segalés et al., 2004; Opriessnig et al., 2007). Evidence of
immunosupression in PCV2 infected pigs has extensively
been reported in regards of several features; for example,
the lymphoid depletion observed in infected pigs and the
association of PCV2-SD with opportunistic pathogens
(Carrasco et al., 2000; Segalés and Mateu, 2006; Zlotowski
et al., 2006). Another virus associated with immunosup-
pression is Porcine Reproductive and Respiratory Syn-
drome Virus (PRRSV) (Zimmerman et al., 2012). In the
present study, the presence of this virus in lung and
lymphoid tissues was analysed by immunohistochemistry
in 66 from the 96 pigs, but only 8 were positive (data not
shown). In contrast, the present results showed a high
prevalence of PCV2 infection in postweaning pigs with
digestive disorders, reinforcing the hypothesis of altered
immune response in animals infected by this virus. In this
way, only a small percentage of animals corresponded to
post-PCV2 vaccination period.

The diagnostic overlapping between PCV2-SD and
PCV2-ED has been previously discussed (Opriessnig
et al., 2007; Segalés, 2012). Kim et al. (2004) proposed
that PCV2-associated enteritis (equivalent to PCV2-ED)
should be differentiated from PCV2-SD based on clinical
and histopathological criteria. However, in the present
study, most of pigs showing clinical intestinal disorders
with PCV2 involvement were histopathologically diag-
nosed as PCV2-SD or suffered from subclinical systemic
infection of the virus. Moreover, the scenario in which
PCV2 was present in intestine but not in lymphoid tissues,
as requested to diagnose PCV2-ED (Segalés, 2012), did not
occur in any case; so that, PCV2-ED as specific clinico-
pathological entity was absent in the current study. These
results coincide with those published by Ticó et al. (2013);
these authors studied the role of PCV2 associated lung

96 pigs with
diarrho ea

72
PCV2-ISH posi� ve pigs

24
PCV2-ISH nega�ve pigs

a) Weight loss
b) Lymphoid depl e�on

with granulomatous
inflamma�on

c) PCV2 detec�on in 
lymphoid �ssues

33 pigs39 pigs

a) Micros copic 
intes�nal lesions

b) Lack of 
histopathologic 
lymphoid lesions 

c) PCV2 detec�on only 
in th e intes�ne

Diagnos�c cri teria

a) Micros copic intes�nal 
lesions

b) Lack of 
histopathologic
lymphoid lesions 

c) PCV2 detec�on in 
lymphoid �ssues

PCV2-SD
Subclinical PCV2 

infec�on or recovery
from a PCV2-SD

PCV2-ED

0 pigs

Fig. 1. Flow chart describing the selection and diagnostic criteria for PCV2 infected pigs included in this study. PCV2, porcine circovirus type 2; PCV2-SD,

PCV2-systemic disease; PCV2-ED, PCV2-enteric disease.
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ase (PCV2-LD) in cases of respiratory disease of nursery
 growing-finishing pigs, but PCV2 infection exclusively

tricted to the lung was not found in any case. All these
ults support the idea of PCV2 as a systemic pathogen,

er than virus able to cause a facultative local infection.
ough, concomitant viral or bacterial agents could be

sent in the intestinal studied cases (worsening clinical
s), the amount of PCV2 detected in intestines was
er higher than the one detected in lymphoid lesions of

 same animal. Moreover, in those cases in which PCV2-
was potentially suspected (not diagnosed as PCV2-SD),

 viral load in intestinal and lymphoid tissues was lower
n the amount of virus detected in PCV-SD cases. In fact,
ained findings in pigs which were non-PCV2-SD, but
2-infected, suggest a PCV2 systemic infection which

 be interpreted as: (1) subclinical PCV-2 systemic
ction, being other pathogens the major contributors of

rrhoea, or (2) recovery phase from an old PCV2-SD
ction.

onclusions

The results obtained in this study suggest that PCV2 is
uent in cases of intestinal disorders in nursery and

wing-finishing pigs. From a diagnostic point of view,
 present retrospective study shows that the casuistic of
eric disorders cases that could be categorized in the
up of PCV2-ED was non-existent in contrast to other
lished data (Kim et al., 2004; Opriessnig et al., 2007),

 PCV2 mainly contributes to enteric clinical disorders in
tion to PCV2-SD occurrence.
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h the database, and Aida Neira and Blanca Pérez of the
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Ruiz-Villamor, E., Sierra, M.A., 2000. Intestinal chlamydial infection
concurrent with postweaning multisystemic wasting syndrome in
pigs. Vet. Rec. 146, 21–23.

Kim, J., Ha, Y., Jung, K., Choi, C., Chae, C., 2004. Enteritis associated with
porcine circovirus 2 in pigs. Can. J. Vet. Res. 68, 218–221.

Madec, F., Rose, N., Grasland, B., Cariolet, R., Jestin, A., 2008. Post-weaning
multisystemic wasting syndrome and other PCV2-related problems
in pigs: a 12-year experience. Transbound. Emerg. Dis. 55, 273–283.

Opriessnig, T., Meng, X.J., Halbur, P.G., 2007. Porcine circovirus type 2
associated disease: update on current terminology, clinical manifes-
tations, pathogenesis, diagnosis, and intervention strategies. J. Vet.
Diagn. Invest. 19, 591–615.

Rosell, C., Segalés, J., Plana-Duran, J., Balasch, M., Rodrı́guez-Arrioja, G.M.,
Kennedy, S., Allan, G.M., McNeilly, F., Latimer, K.S., Domingo, M., 1999.
Pathological, immunohistochemical, and in-situ hybridization stud-
ies of natural cases of postweaning multisystemic wasting syndrome
(PMWS) in pigs. J. Comp. Pathol. 120, 59–78.

Segalés, J., 2012. Porcine circovirus type 2 (PCV2) infections: clinical signs,
pathology and laboratory diagnosis. Virus Res. 164, 10–19.

Segalés, J., Cortey, M., 2010. Changes in age at diagnosis of PMWS in pigs in
Spain, 1998 to 2008. Vet. Rec. 167, 940–941.

Segalés, J., Martı́nez, J., 2013. Laboratory diagnosis of enteric disorders. In:
Handbook of Laboratory Diagnosis in Swine. Editorial Servet, Zara-
goza, Spain, pp. 63–73.

Segalés, J., Mateu, E., 2006. Immunosuppression as a feature of postwean-
ing multisystemic wasting syndrome. Vet. J. 171, 396–397.

Segalés, J., Allan, G.M., Domingo, M., 2005. Porcine circovirus diseases.
Anim. Health Res. Rev. 6, 119–142.

Segalés, J., Rosell, C., Domingo, M., 2004. Pathological findings associated
with naturally acquired porcine circovirus type 2 associated disease.
Vet. Microbiol. 98, 137–149.

Thomson, J.R., Friendship, R.M., 2012. Digestive system. In: Zimmerman, J.J.,
Karriker, L.A., Ramirez, A., Schwartz, K.J., Stevenson, G.W. (Eds.), Dis-
eases of Swine. 10th ed. Wiley-Blackwell, Ames, Iowa, pp. 218–219.
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